I. Introduction
===============

The implant restoration of maxillary posterior regions is difficult to do for many reasons; it is also known for its lowest success rate owing to poor bone quality, i.e., types III and IV bone. Sinus pneumatization also develops over a lengthy period of time in edentulous condition. This often causes absolute deficiency in bone volume. For the adequate restoration of the masticatory function under posterior occlusal load, the use of implants with sufficient length and diameter is required. Such anatomical concern serves as a major barrier to restoration. Lately, some cases have revealed the results of maxillary posterior restoration using short implants; since they do not have a long follow-up observation period, however, they have not yet to be proven. Still, sinus elevation is widely used to increase the vertical volume of bone followed by the placement of implants with sufficient length[@B1],[@B2].

The use of tapered-body implants can minimize marginal bone resorption by distributing the tension concentrating on the cortical bone. For the anterior region, it minimizes dehiscence or perforations at the talveolar ridge undercut during surgery. In particular, it benefits cases with nearby peripheral dental root since implants can be placed by avoiding the root. Furthermore, tapered-body implants are known for their strong initial stability[@B3],[@B4]. Nedir et al.[@B5] found that even for cases with 6 mm or less remaining bone in the maxilla, such implant offered a remarkable level of initial stability; after loading, marginal bone resorption was reduced.

The authors performed sinus bone graft using a lateral approach and conducted a retrospective study to assess the implant survival rate, success rate of tapered-body implants placed in patients, and resorption of peri-implant alveolar crest and sinus bone graft material.

II. Materials and Methods
=========================

From September 2003 to January 2006, sinus bone graft was carried out via the lateral approach. The study subjects were 20 patients who had Osstem US III (Osstem Implant Co., Busan, Korea) implants placed. This study was conducted after obtaining approval from Seoul National University Bundang Hospital\'s Institutional Review Board (IRB Nno: B-1005-100-102). A total of 14 male patients and 6 females whose ages ranged from 38 to 72 years (average: 54.7 years) were included and satisfied as following inclusion criteria: patients were in good general health or controlled systemic disease with insufficient bone to need sinus bone graft. Sinus bone graft was done in the left and right regions of four patients, on the right for six patients, and on the left for ten patients. All in all, sinus bone graft was performed in 24 regions. The mean follow-up period was 19 months. Total 50 implants were placed and average implant length was 11.98±1.04 mm, implant diameter 4.58±0.49 mm. Most of implants were in male patients (n=38) and molar area (n=36).([Table 1](#T1){ref-type="table"})

1. Surgical procedure
---------------------

Surgery was carried out under general, intravenous conscious sedation, or local anesthesia. Alveolar crest incision was followed by full-thickness flap elevation. A circular or an oval bony window was then removed from the lateral wall of the sinus. The removed bony window was wrapped in physiological saline-soaked gauze and stored for use as bone graft material. The sinus membrane was carefully elevated, followed by bone grafting. Particulated bone graft material was used in combination with Greenplast (Greencross, Seoul, Korea), a tissue adhesive, to prevent movement. Depending on the volume of the remaining alveolar bone, if initial stability for implants is possible, implants were placed simultaneously. Otherwise, delayed placement was performed only after several months\' healing period.

2. Clinical evaluation
----------------------

Medical charts were retrospectively analyzed to examine the sinus bone graft method, use of graft material and membrane barrier for the lateral window, types of placed implants, complications, and healing period.

3. Radiographic evaluation
--------------------------

Based on the panoramic and periapical radiography taken right after operation, the one-year post-operative panoramic radiography and that taken at the final observation were compared for measurements of the resorption height of both sinus bone graft material and peri-implant alveolar crest bone. Periapical radiographs were taken using film holders with paralleling technique. For radiographic measurements, an IMPAX system (Agfa-Gevaert Group, Mortsel, Belgium) was used.

### 1) Measurement of resorption of sinus bone graft material

The pre-operative height of the remaining alveolar bone from the crest to the sinus floor was measured; afterward, based on the panoramic radiography taken right after operation, the length from the alveolar crest of each implant to the topmost part of the sinus bone graft was measured to evaluate the augmented volume. Based on the length of the placed implants, each expansion rate was considered and evaluated. The panoramic radiography taken one year after the bone graft was used to measure the resorption volume of the graft material.([Fig. 1](#F1){ref-type="fig"})

### 2) Resorption of peri-implant marginal bone

Based on the radiography taken right after operation, the periapical radiography taken one year after the prosthetic function was compared in order to measure the bone resorption amount. The length of the placed implants was basically used to calculate the expansion rate of the periapical radiography for the evaluation of resorption volume. As for the resorption volume of the alveolar crest bone, the average of the resorption volume on the mesial and distal sides was calculated.

### 3) Success and survival rates

Cases with less than 1.5 mm of marginal bone resorption one year after prosthetic function - from among those showing no clinical symptoms such as mobility, pain, inflammation of marginal soft tissue, and radiolucency on the radiography at the point of the final observation - were considered successful.[@B6] Regardless of the circumferential condition, the implants and superstructures that remained at the point of the final observation were considered survival cases. Those removed for some reason or with 1.5 mm or greater resorption of the peri-implant marginal bone were classified as failure.

### 4) Simultaneous vs. delayed grafting

A total of 15 patients had implants placed simultaneously with sinus bone graft, whereas 5 patients underwent delayed placement; all in all, 50 implants were placed. As for delayed grafting, implant placement was performed 4-7 months after bone grafting; in most cases, however, it was 4 months after. Every case was evaluated for the following: 1) augmented volume of grafted sinus bone; 2) resorption volume of sinus bone graft material one year after operation; and 3) marginal bone resorption, survival and success rates of implants one year after the implant prosthetic function developed.

4. Statistical analysis
-----------------------

A chi-squared test was used to compare the survival and success rates of the simultaneous and delayed graft groups; a Mann-Whitney U-test was used for the resorption volume of graft material and crestal bone. Analysis was carried out using SPSS software ver. 12.0 (SPSS Inc., Chicago, IL, USA), and the significance level was set to *P*\<0.05.

III. Results
============

1. Location
-----------

Bone graft and implant placement were carried out in the premolar and molar regions.([Table 1](#T1){ref-type="table"})

2. Sinus bone graft material
----------------------------

For sinus bone graft, bony windows were all formed on the anterior wall of the sinus. As graft materials, autogenous bone, allograft, xenograft, and alloplastic materials were used individually or in combination. The material used the most was autogenous+xenograft (33.3%), followed by autogenous+allograft+xenograft (29.2%) and allograft+xenograft (20.8%).([Table 2](#T2){ref-type="table"})

3. Use of barrier membrane for lateral bony window
--------------------------------------------------

For the lateral bony window, bone graft was performed followed by the overlapping of the barrier membrane prior to suturing. Ossix (Implant Innovations, Palm Beach Gardens, FL, USA) was mostly used. Six regions had no use for barrier.([Table 3](#T3){ref-type="table"})

4. Complications
----------------

Complications during and after operation occurred variably. Some patients had a complex onset with more than two kinds. During sinus bone grafting, sinus mucosal perforations as the most frequent complication occurred in six cases. Bleeding - which is apparently a consequence of posterior superior alveolar artery damage - was observed in one case. Post-operative complications included four cases of wound dehiscence, four cases of sinusitis, three cases of ecchymosis, two cases of failed osseointegration, two cases of progressive bone loss, one case of neurologic damage, and one case of chronic pain in that order.([Table 4](#T4){ref-type="table"})

5. Implant failure
------------------

Two implants were removed due to poor initial stability; two other implants were considered a failure because marginal bone resorption due to peri-implantitis was more than 1.5 mm one year after the prosthetic function developed. For those removed due to failed osseointegration, replacement was performed. The replaced implants achieved successful osseointegration, so prosthetic restoration was carried out successfully. For two cases that developed more than 1.5 mm marginal bone resorption, implant removal was not performed. Instead, peri-implantitis was treated and maintenance care is being carried out.([Table 5](#T5){ref-type="table"}) At least 4 out of a total of 50 implants were considered failures. Consequently, the success rate one year after prosthetic mounting was 92.0%, and the survival rate at the point of the final observation was 96.0%.([Table 6](#T6){ref-type="table"})

6. Delayed vs. simultaneous implant placement
---------------------------------------------

Mean preoperative residual bone height of the simultaneous group was 5.75±2.47 mm, delayed group 2.51±0.62 mm. There was statistically significant difference between two groups (*P*=0.000). The average augmented height of the total sinus bone graft was 12.35±3.27 mm. The one-year post-operative resorption was 0.97±0.84 mm, and marginal bone resorption was 0.17±0.27 mm.([Table 7](#T7){ref-type="table"}) In this study, simultaneous implant placement was performed right after sinus bone graft (n=42) in most cases. Delayed placement was performed for a total of eight implants in five patients between four and seven months later. As for the augmented volume of bone graft, the simultaneous group was 11.85±3.29 mm, and the delayed group was 14.71±1.79 mm; thus showing statistically significant difference (*P*=0.012). On the other hand, no statistically significant difference in the resorption of graft material was observed between the two groups one year after operation (*P*=0.367). With regard to the one-year post-operative resorption volume of marginal bone, the simultaneous placement group recorded 0.12±0.23 mm, and the delayed group, 0.40±0.33 mm. The difference was statistically significant (*P*=0.046). The simultaneous group posted a 95.2% cumulative survival rate and a 90.5% success rate one year after functioning. The delayed group recorded 100% for both cases, with no statistically significant difference.([Table 8](#T8){ref-type="table"})

IV. Discussion
==============

As a factor influencing the success of sinus bone graft implantation, the height of the remaining alveolar bone is crucial. Jensen and Greer[@B7] found that less than 3 mm of remaining bone tissue showed very low success rate, but that the result was very good with 7-9 mm bone. In this study, the pre-operative height of the remaining bone was 5.19±2.58 mm, the success rate was 92.0%, and the survival rate was 96.0%; thus showing a relatively good result.

In this study, allograft was used in one site (4.2%), and xenograft, in one site, too (4.2%); the mixed material was used in 22 sites (91.6%). In most cases, sinus bone graft was performed using a combination of autogenous bone, xenograft, and allograft. In some studies, the analysis of the survival rates of implants in association with graft materials revealed the following results: 89% for autogenous bone, 93.4% for allograft, 95.5% for xenograft, 98.4% for alloplastic material, and 93.8% for mixed bone graft. Apart from bone graft materials, however, there are other factors affecting implant-bone integration and healing of sinus bone graft. For this reason, the excellence of only one specific material cannot be defined. In their comparative study of various bone material alternatives to be used for sinus bone graft, Scarano et al.[@B8] found that those were all relatively stable without striking differences among the materials. Maiorana et al.[@B9] reported a 97% cumulative survival rate in their study of sinus bone graft using alloplastic material and xenograft and implant placement. They also stated that these materials were not very absorptive, offering an adequate level of initial stability for implants; hence their usability for sinus bone graft. Since this retrospective study used a variety of materials, favoring a material-based prognosis is premature. This study had two implants failing in osseointegration in one sinus with immediate placement. Here, failure occurred only in cases involving the combined use of allograft and xenograft.

Tapered-body implants offer excellent initial stability and minimize the resorption of marginal bone. Thus, such kinds of products have been released in various brands. This study used Osstem US III fixtures with external hex connection based on two stage treatment. They feature double-tapered body, offering high initial stability for weak bone. They are also known for the excellence of tension distribution under masticatory load. They have a resorbable blast media (RBM) surface. A tapered-body implant is known particularly for its outstanding initial stability given the inferior quality of bone. García-Vives et al.[@B4] found in their in vitro test using cow rib - which is similar to human type 4 bone - that tapered implants had greater initial stability than cylindrical ones. O\'Sullivan et al.[@B10] reported that with type 4 bone, the initial stability of tapered implants was most excellent. On the other hand, according to Alves and Neves[@B11] the use of tapered implants was successful for type 4 bone of maxilla.

In the study by Nedir et al.[@B5] the placement of tapered implants in the maxillary posterior regions had 100% cumulative survival rate one year after prosthetic mounting and a 94.4% success rate. In the study conducted by Astrand et al.[@B12] for maxilla with types 3 and 4 bone, the cumulative survival rate of tapered implants was 96.9%. Bahat[@B13] reported that tapered implants were placed via the two stage method in the maxilla where more than 10 mm implant placement was possible; after more than three years of observation, a 100% cumulative survival rate in the posterior region was achieved. Minichetti et al.[@B14] recorded a 97.7% success rate in the use of tapered implants accompanied by allograft-based sinus graft.

With regard to covering the lateral window with a membrane barrier after sinus bone graft, a dispute arose; gradually, however, the use of the barrier is becoming more convincing in light of bone healing.[@B15] Almost no difference is found between the use of non-absorptive and absorptive membrane barriers. The lateral window area heals last after sinus bone graft. Therefore, the use of membrane barrier limits soft-tissue invasion, significantly benefiting healing after sinus bone graft.[@B16] In this study, resorbable collagen membrane was used for lateral walls for most cases; no membrane barrier was used in six sinus sites.

Some studies found that the use of tissue adhesive in particulated bone graft material prevented the mobility of particles; thus resulting in bone healing.[@B17] When using the particle type of bone graft materials, the authors of this study generally use homologous tissue adhesive or platelet concentrate gel to stabilize the graft material. All the cases in this study also used the mixture with Greenplast tissue adhesive.

According to Kim\'s study[@B18] on risky implant factors for sinus bone graft, sinus membrane perforation as the most frequently occurring complication occurred at 38 sites (35.5%), 7 of which (18.4%) had 9 failed implants in 6 patients. Post-operative complications included wound dehiscence (10 cases) followed by severe swelling, hematoma and subcutaneous bleeding (9), maxillary sinusitis (8), nasal bleeding (7), regional infection (3), and upper lip sensory anomaly (3). In particular, maxillary sinusitis developed in 7.5% of those patients with sinus bone graft, with one case of failed implantation recorded. At least 12 patients (13.6%) experienced early failure, which occurred within one year of prosthetic function after implant placement. A total of 17 implants (7.6%) failed. In this study, intra-operative complications included sinus mucosal perforations (6 sites) and bleeding (1). At least 6 different post-operative complications occurred at 14 sinus sites.([Table 4](#T4){ref-type="table"}) Two patients had two implants with failed early osseointegration. Two implants failed due to peri-implantitis (8.0%). For those with failed osseointegration, the problem was resolved by removal and replacement. All cases were nonsubmerged implants. Those cases of failure were presumably due to early overload from temporary denture(s) mounted during the healing period after implant placement as well as poor initial stability and poor oral hygiene.([Table 5](#T5){ref-type="table"})

In the analysis of survival rate associated with the implant placement period, 61-100% survived for the simultaneous implantation, and 72.7-100%, for staged implantation. Due to various factors involved and rare cases of standardization, however, the difference by period was not distinctive. On the other hand, Wannfors et al.[@B19] revealed that twice failure rate was observed from the simultaneous implantation group versus phase implantation among patients with sinus bone graft using iliac bone block. Herzberg et al.[@B20] found no statistically significant difference between the simultaneous and delayed implantation groups after sinus bone graft and implantation for 70 patients: the cumulative survival rate for 4.5 years was 95.5%. Del Fabbro et al.[@B21] confirmed through their review of 39 theses published between 1986 and 2002 that the implant survival rate was 91.49%, and that no significant difference was observed between the simultaneous and delayed groups considering their survival rates of 92.17% and 92.93%, respectively. Galindo-Moreno et al.[@B22] performed sinus bone graft by combining autogenous cortical bone, cow bone, and platelet-rich plasma. A total of 263 implants were placed simultaneously or using the delayed method. Two years after prosthetic loading, two implants failed in early osseointegration, for a 99% implant success rate. Two years after the prosthetic mounting, all implants survived, showing no difference between the two implantation groups.

According to Herzberg et al.[@B20], given residual bone height of 4 mm or less, marginal bone resorption was more likely. Rodoni et al.[@B23] conducted a clinical, radiographic study on implants placed in 48 patients\' maxillary posterior regions. They performed sinus bone graft and simultaneous and delayed implantations via a lateral approach for those patients whose residual bone was less than 6 mm high. For those with 6-8 mm high residual bone, they performed sinus floor elevation and simultaneous implantation using osteotome. For those patients with 8 mm or higher residual bone, conventional implantation was carried out (control group). For the average observation period of 4.6 years, with regard to marginal bone loss, the sinus bone graft group recorded 1.53 mm, the osteotome group, 2.40 mm, and the control group, 1.96 mm. No statistically significant difference was observed between each group. In the study of Hallman and Zetterqvist[@B24], the mixture of bovine hydroxyapatite and autogenous bone was used for 20 patients. Grafting was done using tissue adhesive. Six months later, implant placement was performed. During 5 functioning years, 15 out of 108 implants were lost, for an 86% success rate. The average marginal bone loss was 1.3±1.1 mm. In this study, in the comparison between simultaneous and delayed implantations, the pre-operative condition showed a difference that was not statistically significant. For the simultaneous group, early osseointegration failure occurred in two cases; there was no failure in the delayed group. The success rate of implants placed one year after the prosthetic function developed was 90.5% for the simultaneous group and 100% for the delayed group, showing a stable result that is close to what was predicted. No statistically significant difference was found, however. With regard to marginal bone resorption, a statistically significant difference was found between the two groups. The delayed group exhibited a significant level of resorption and showed more than 1.5 mm marginal bone resorption in the case of two implants. One year after the start of prosthetic function, the success rate of implants was 92.0%; this was comparable to precedent studies.

Block et al.[@B25] evaluated the height of sinus bone graft via complex motion tomography, which was done for 16 out of 31 patients with autogenous sinus bone graft. This study confirmed that new bone was generated in the sinus that had autogenous bone graft, and that it was retained well; 5-10 years later, the bone around and on top of the implant apex was still present. Out of the 70 implants examined, 90% (63/70) had the implant apex covered with bone. According to a five-year follow-up study following sinus bone graft conducted by Wiltfang et al.[@B26] grafted bone resorption occurred consistently for 1-3 years; 3 years later, a relatively stable state was maintained. One year later, the three implants of two patients had the implant apex exposed to sinus; in these cases, intra-operative sinus perforation occurred. Therefore, intra-operative mucosal perforation presumably affects the loss or resorption of bone graft material. In this study, the 50 implants placed in 24 sinuses of 20 patients were studied, and the measurement of resorption of the sinus bone graft material was similar to the number of cases performed by Block et al.[@B25] The average augmentation of sinus bone graft was 12.35 mm. One year after the bone graft, the resorption level was 0.97 mm on the average, 0.91±0.86 mm for the simultaneous implantation group, and 1.16±0.77 mm for the delayed group. The level was significant, but not statistically.

This retrospective study result has several limitations such as short observation period, use of various types of graft materials, and non-standardization of numerous factors. For the long-term stability evaluation of sinus bone graft materials and placed implants, more than three years\' additional observation is required. Since the delayed implantation group did not secure a sufficient number of cases for this study, more cases would ensure better quality and significance.

V. Conclusion
=============

The authors performed a clinical, radiographic evaluation of sinus bone grafting by considering 20 patients who had tapered implants placed via a lateral approach from September 2003 to January 2006. The following results were obtained:

1\. Six different post-operative complications occurred at 14 sinus sites. As post-operative complications, intra-operative sinus mucosal perforation and wound dehiscence and maxillary sinusitis occurred with a high frequency.

2\. Prior to operation, the average height of residual alveolar bone was 5.19 mm. Right after the operation, however, the height was 17.53 mm; one year later, it was 16.57 mm.

3\. As for the failure of early osseointegration of implants, one patient had two failed implants, for an 8.0% early failure rate. One year after the prosthetic function developed, marginal bone resorption was 0.17 mm on the average. Two implants had 1.5 mm or greater marginal bone resorption. After one-year prosthetic functioning, the success rate of implants was 92.0%, and the cumulative survival rate was 96.0%. All implant with complete prosthesis survived until the point of the final observation. The survival rate for implant prostheses was 100%.

![Augmented bone height (ABH) and residual bone height (RBH) were measured on the IMPAX system. Real ABH was calculated as follows: Real ABH=(real implant length×measured ABH)/measured implant length.](jkaoms-39-77-g001){#F1}
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Distribution of placed implants in the maxilla
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Values are presented as number.

###### 

Types of sinus bone graft materials
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(DFDB: demineralized freeze dried bone)

DBX: Synthes Inc., Orthoblast II: Orthobiologics Inc., BioOss: Geistlich Pharma AG, Regenafil: RTI Biologics, Osteon: Genoss.

^\*^Allograft: DBX, DFDB, Orthoblast II, Regenafil; ^†^xenograft: Bio-Oss; ^‡^alloplast: Osteon.

Values are presented as number (%).
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Types of barrier membranes
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(TR: titanium reinforced)
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Types of intra-operative and post-operative complications
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Summary of failed implant cases
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Survival, success, and failure rates of implants
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Sinus bone graft follow-up summary of all cases

![](jkaoms-39-77-i007)

###### 

Comparison of simultaneous and delayed implantation techniques
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(NS: not significant)

^\*^Mann-Whitney U-test, ^†^chi-square test.

Values are presented as mean±standard deviation.
